parative biological studies within an evolutionary framework (2). However, evolutionary history usually cannot be observed directly, at least over the course of relevant magnitudes of change, so that assessment of phylogenetic methods has relied on numerical simulations. Although simulations have provided considerable insight into the effectiveness of various 31 JANUARY 1992 REPORTS 589
Glasses both before and after high-T experiments were shown by 29Si NMR and optical microscopy to be crystal-free. Only sample L40A5 could not readily be quenched to a glass. Minor changes in composition during high-T NMR experiments (primarily due to a small amount of contamination from the BN sample capsules) were noted by small differences in MAS peak positions between starting glasses and those quenched from high-TNMR runs (0.3 to 0.4 ppm more shielded), by semiquantitative "B MAS spectra (showing up to about 1% B203), and by small changes in high-T peak positions during relatively long runs (0.2 to 0.4 ppm). None of these significantly affect conclusions, but for consistency some data collected during relatively slow initial heating of the liquids have been omitted from the figures. Alkali loss during NMR experiments is insignificant for the large samples (0.3 to 0.7 g) and the short run durations used here. 13. NMR spectra were recorded with a Varian VXR 400S spectrometer. High-T data were collected with a home-built probe [J. F. Stebbins, Chem. Rev. 91, 1353 (1991)]. The sample and radio-frequency (rf) coil were resistively heated in a small, watercooled furnace with vertical Mo wire windings, blanketed by N2-3% H2 gas. Temperatures were controlled by a thermocouple in the furnace windings that we calibrated before the NMR runs by placing a second thermocouple in a sample container in the rf coil and are accurate to about 5?C. The only possible instrumental source of variation in NMR resonant frequency with T is perturbation of the magnetic field at the sample caused by the current flow in the heater. This effect is minimized by careful, noninductive winding. We routinely measured and corrected residual field shifts of 1 to 3 ppm by collecting data with heater current flowing in opposite directions, and these shifts introduce uncertainties of about 0.2 ppm in measured chemical shifts. Spectra were recorded at 79. We chose to construct a symmetric phylogeny with equal distances among nodes (Fig-1)  (7) . This topok)gy (tree shape) has proven especally amnable to accurate reconstruction in dthoreical studies (8-10) and may thus be regarded as a "nuI1l model agaist which other topologies may be compared We created a phylogeny of nine taxa (eight ingroup lineags and one outgroup lineage to root the tree) by serially propagating 17 phage in th presence of a mutagen and dividing the lineages at predetmined interals (7); a clonal stock of wild-type T7 phage was the common ancestor of all linges. There are 135,135 possible bifurcatig trees for this many taxa, so the likelihood of infrring the correct phylogeny by chance alone is minimal. We compared the actual phylogeny (Fig. 1) to estmated phylogenies from five reconsuon methods; estimates were based on restriction-site maps produced for 34 restiction endonudeases in all teminal lineages (Figs. 2 and 3) . To avoid bias, the acual phyogny was unknown to the person mapping the restriction sites. We also produced resticton maps for the ancesrl phage at each of the nodes of the tu phylogeny (Fig. 3) . Three aspects of the infeid phylogeny were compared to the acta phylogeny: branhing topology, branch lengths, and ancestrl stat. The five methods of phylogenetic inference evalated were parsimony (12), the Fitch-Margolash method (13), the Cavalli-Sforza method (14), neighbor-joining (15), and th unweighted pair-group method of arithmetic aveages (UPGMA) (16).
All methods predicted the correc branching order of the known phylogeny, but no iethod predicted the actl branch lengths for every branch (17). To compare the five methods for their ability to predict branch lengths, the correlation between observed and predicted branch lengths was calculated for each method. These five correlations were significantly heterogeneous, with parsimony yielding the highest value and UPGMA yielding the lowest value (18). The UPGMA method is known to be sensitive to unequal rates of change (1), and the number of changes per branh was quite variable in the true phylogeny [although the number of changes per ingroup branch is not significantly heterogeneous firom the expeaion under a Poisson distribution; test fiom (19)].
The expenmental system also enabled us to determine ancestral states direcdy. Of the methods tested, only parsimony makes predictions about ancestral character states (parsimony may be used to opimnize states onto phylogenies inferred by other methods, but, for these data, all methods estimated the same branching patterm). In comparing inferred ancestral states to the actual ancestral states, three outcomes are possible: the ancestral states may be (i) correcly inferred, (ii) incorrecty inferred, or (iii) ambiguous (when more than one character optimization is possible). For 202 variable sites assayed in each of seven ancestors, parsimony correcdy inferred 1369 states (97.3%), incorrecdy inferred 18 state (1.3%), and was ambiguous about 20 states (1.4%). Seven states (of four sites) could not be observed in some ancestors because dtey fel under deletion mutations (Fig. 3) . If the 91 wild-type state thatwer invariant in all Linegs are induded, thle infrre rsiion maps are an average of 98.6% idetcl to the actal maps (wfit either delayed or acclrtd 9 ----------------SW 1?279 . . . . . . . . . . . . . . . . MmI 30.0 -----------G 
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12. character optimization used) (1). Three of the incorrectly inferred states involved sites that were found only in the ancestral lineages, hence would not have been detected as variable characters if ancestors were unavailable (as is typically the case in phylogenetic studies). The results of this study directly support the legitimacy of methods for phylogenetic estimation, not only with regard to reconstructing branching relationships, but also branch lengths and ancestral genotypes. Perhaps more importantly, they point the direction to a field of research in which methods of reconstruction can be tested against various known phylogenies of real organisms differing in topological and other evolutionary characteristics in the same fashion that tests have been conducted with simulated, theoretical phylogenies. Experimental phylogenetics is not a substitute for numerical studies, nor is it likely that laboratory phylogenies will ever display the full complexity of phylogenies produced over long-term evolution, but such studies will fill an important void in the science of phylogenetic reconstruction. Table 1 . Effect of host plant on sex pheromone production by wild F1 females of H. zea. Individual 2-day-old virgin females were placed in cylindrical plastic containers (10 cm tall, 5 cm in diameter, and 150 ml volume) with snap-on lids. Where indicated, corn silk (1 g) was placed under a Whatman filter paper at the bottom of the container for 18 hours (that is, until pheromone extractions were carried out) in corn silk-i. In 2, corn silk was removed before the onset of scotophase or 5 hours before extraction time. All means were significantly different at a = 0.05 (Dunn's test: distribution free multiple comparisons based on Kruskal-Wallis rank sums). on artificial diet for many generations, which do not require host plant for the production of pheromone (2). Because most species belonging to the Heliothis-Helicoverpa group feed on fruiting parts of various host plants and because the gaseous plant hormone ethylene is commonly produced by flowering plants, we tested the possibility that ethylene may act as a cue for pheromone production. First, using gas chromatography, we checked whether ethylene was a constituent of the volatiles produced by corn silk. On a fresh weight basis, a gram of corn silk produced 2.07 + 0.47 (n = 6) and 2.53 + 0.67 (n = 6) nl of ethylene per hour over a 24-hour period in two separate tests. We then determined the effect of exogenous ethylene on pheromone production in H. zea females. Ethylene at various concentrations was introduced into containers holding individual H. zea females in their second photophase. Pheromone was extracted during the following scotophase 
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